This review aims to assess by meta-analysis of randomised controlled trials (RCTs) changes in pain and function when overweight patients with knee osteoarthritis (OA) achieve a weight loss. Systematic searches were performed and reference lists from the retrieved trials were searched. RCTs were enclosed in the systematic review if they explicitly stated diagnosis of knee OA and reported a weight change as the only difference in intervention from the control group. Outcome Measures for Arthritis Clinical Trials III outcome variables were considered for analysis. Effect size (ES) was calculated using RevMan, and meta-regression analyses were performed using weighted estimates from the random effects analyses. Among 35 potential trials identified, four RCTs including five intervention/ control groups met our inclusion criteria and provided data from 454 patients. Pooled ES for pain and physical disability were 0.20 (95% CI 0 to 0.39) and 0.23 (0.04 to 0.42) at a weight reduction of 6.1 kg (4.7 to 7.6 kg). Meta-regression analysis showed that disability could be significantly improved when weight was reduced over 5.1%, or at the rate of .0.24% reduction per week. Clinical efficacy on pain reduction was present, although not predictable after weight loss. Metaregression analysis indicated that physical disability of patients with knee OA and overweight diminished after a moderate weight reduction regime. The analysis supported that a weight loss of .5% should be achieved within a 20-week period-that is, 0.25% per week. 
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B
eing overweight is an important factor in osteoarthritis (OA), and obese subjects are at high risk of developing OA in the knee. 1 The average body weight of the increasing number of elderly people has steadily risen in recent years. 2 The obesity problem appears across multiple age groups, 3 and there is reason to believe that the obesity-related knee OA will increase in both numbers and severity. 4 5 Obesity must be taken seriously in any discussion concerning health issues, 6 including that of the bone and joints. 7 Current European evidence-based recommendations for the management of knee OA, devised by the European League Against Rheumatism, include weight loss as a sensible option in overweight patients with knee OA. However, this recommendation is primarily supported by expert opinion 8 ; meta-analysis of randomised controlled trials (RCTs; ie, category 1a evidence) is yet to be undertaken.
The objective of this systematic review and meta-analysis was to assess and quantify whether the clinical benefits (changes in pain and functional disability) 9 are evident in patients with knee OA after weight loss. Applying the rules of evidence-based medicine, 10 11 with focus on quality (ie, magnitude and intensity) of the intervention, 12 we aimed to meta-analyse 13 and present doseresponse efficacy estimates of weight loss in obese patients with knee OA.
METHODS
Retrieval of published studies A systematic literature search was carried out to identify and locate all controlled and preferably randomised trials dealing with the effects of weight loss on symptoms associated with knee OA. 9 14 The following bibliographic databases were The following three areas were combined in the study as medical subject headings/keywords with all subheadings and as free text: (1)OA, and where possible OA of the knee; (2) controlled studies; and (3) weight loss/gain/changes or diet or antiobesity agents or exercise. The lists of references of retrieved publications were manually checked to add any citations missed by the electronic searches. Abstracts from scientific meetings were included if enough information was available in the abstract. No language restrictions were applied. The search strategy was deliberately broad, and the actual selection process was therefore done from these retrieved references by assessing each reference from abstract and publication type. The retrieved references at this point were recognised as potentially possible studies.
Inclusion and exclusion criteria
Randomised controlled trials (RCTs) that fulfilled the criteria described below were enclosed in the systematic review, and accordingly in the formal meta-analysis, providing evidence category 1a based on gathered evidence category 1b.
Selection criteria
Participants were females and/or males with an explicitly stated diagnosis of OA of the knee. In case of studies reporting a patient population of mixed clinical characteristics (eg, both hip and knee OA), the subgroup results from knee OA only had to be extractable to fulfil the inclusion criteria. Any intervention where a weight change was reported explicitly, whether it was intentional or unintentional, was accepted. The weight change (ie, reduction) had to be the only difference from the defined control group. Any concomitant treatments (medication, exercise, behavioural therapies, etc) had to be identical in the treated and the control group, ensuring that any clinical benefits were caused by a difference in change of body weight, independently of any possible interactions that might have influenced the outcome of OA. Criteria for inclusion of trials were (a) subjects with a diagnosis of OA of the knee, as specified earlier; (b) RCT design; (c) specification of comparative treatment; and (d) published data on relevant outcome measures.
Quality assessment Study quality was scored independently by two of the reviewers (RC, HB), using the ''Instrument to Measure the Likelihood of Bias'', giving points for each answer, as proposed by Jadad et al. 15 By definition, the scores ranged from 0 to 5, with higher scores indicating less likelihood of bias in the results. 15 
Data extraction and analyses
Data from the trials were extracted by two reviewers (RC and EMB). A standard data extraction form was developed to use for data collection. The following information was systematically extracted for each of the k randomised trials: characteristics of the study population: age, number of participating females/(males + females)6100% (%F), treatment period (duration time), primary endpoint, intention-to-treat (yes/no), quality score (0-5; as presented above), and body mass index at baseline (inclusion). From each of the k trials (and substudies, if any study reported mutually independent two-group comparisons within the same article), we extracted the following numbers and estimates by group (T, treatment and C, control, respectively): number of patients in the group (n); change in the outcome measure of interest within the treatment group (the mean change, D); SD D in the outcome measure of interest within each group (corresponding to the mean change within the group).
Change scores were used, as some of the studies were small and showed baseline differences in outcome scores between the allocation groups. When the required data in the studies were not presented clearly, a standardised extraction recalculation technique was used, as recommended by The Cochrane Statistical Methods Group. 16 To enable the use of metaregression analyses, the simultaneous mean changes in body weight (%) in each of the two groups per ith substudy (DWeight Ti and DWeight Ci , respectively) were extracted, together with the SDs of the changes (or calculated assuming the same data distribution as the absolute change, in kg).
Outcome measures
The Outcome Measures for Arthritis Clinical Trials III outcome variables 9 were considered for analysis: pain, self-reported disability and patient global evaluation. Secondary outcomes were ''weight change'' from baseline reported as mean weight loss (in kg or %).
Statistical analyses
As the studies used a variety of continuous data scales to evaluate clinical outcomes, a unit-less measure of treatment effect size (ES) was applied to pool the results across the multiple controlled trials. As recommended by the Cochrane Collaboration, 16 we used the standardised mean difference (SMD) as summary measure, which is applicable for interpretation as the ES originally proposed by Cohen. 17 Clinically, an ES of 0.2 is considered small, 0.5 as moderate (and would be recognised clinically) and .0.8 as large. 8 Accordingly, the ES (SMD) that we used was Hedges' adjusted g value, which is very similar to Cohen's d value, although with an adjustment for small sample bias. 18 To pool the mean different weight reduction of individual study group, the weighted mean difference was applied. 19 Random effects meta-analysis 20 was used if the studies were heterogeneous, for which the Cochran Q test was used to assess the degree of heterogeneity 21 ; the a risk for this analysis is set to 0.1 (p,10%). 16 22 Quantification of the effect of heterogeneity was assessed by means of I 2 , which ranges from 0% to 100%; I 2 shows the percentage of total variation across studies due to heterogeneity, and may be used to assess the consistency of evidence. 23 These analyses were carried out using the software provided by the Cochrane Collaboration, Review Manager (RevMan V.4.2). 18 For further illumination of the quality (ie, magnitude and intensity) of the intervention, 12 we applied dose-response efficacy estimates following meta-regression analyses, with two subsequent a priori defined weight change differences (% point weight change as magnitude and % point weight change per week as intensity, respectively) as independent variables. Metaregression analyses should be weighted to take account of both within-trial variances of treatment effects and the residual between-trial heterogeneity (ie, heterogeneity not explained by the covariates in the regression). We therefore applied the random effects meta-regression, 24 using the individual study weight (based on the inverse variance) following the random effects model presented by DerSimonian and Laird. 20 All metaregression analyses were calculated using SAS statistical package V.8.
RESULTS

Search of published reports
Thirty-five studies were retrieved from the literature search. Figure 1 shows the stages of this selection process, as recommended in the Quality of Reporting of Meta-analyses statement. 13 Following the selection process, only four studies met the inclusion criteria.
Out of the 35 possible studies, two were lacking a proper control group 25 26 ; one of the studies was elegantly controlled but not randomised and therefore excluded. 27 Four further studies did not give results based on patients with knee OA. [28] [29] [30] [31] However, looking at obesity or overweight and the effect of these conditions on OA, seven studies, when studied closely, looked at the effects of obesity on developing OA. [32] [33] [34] [35] [36] [37] [38] At abstract and keyword level, it was not always possible to assess whether weight loss or other treatment is the parameter studied, or whether the outcome measure was pain or physical function. By closer study, eight studies were eliminated from our potentially possible studies for analysis due to not concerning weight loss and effect on physical function and pain. [39] [40] [41] [42] [43] [44] [45] [46] Out of the 13 studies left in our collection, three did not assess the effect of weight loss alone, [47] [48] [49] and six studies were either part of other studies or follow-up on other studies. [50] [51] [52] [53] [54] [55] At the end of the selection process, four randomised, controlled studies were included in the final meta-analysis (table 1) . [56] [57] [58] [59] It was possible to extract two independent comparisons from the study by Messier et al (four-arm RCT). 58 This study was therefore handled as two mutually independent publications: Messier 2004a and Messier 2004b. 58 In some of the studies, no significant differences in body weight change were apparent among the various dietary interventions, and accordingly a regression analysis considering dosage seems reasonable. 12 
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Efficacy
Pain
Pooling the data from the trials reporting pain as an explicit outcome [57] [58] [59] produced a weighted pooled ES of 0.2 (95% CI 0 to 0.39; p = 0.05) favouring weight loss (presented in fig 2A) . The result is based on 417 randomised patients, following a significant (group mean different) weight loss of 6.1 kg (95% CI 4.7 to 7.6 kg; p,0.001). The weighted pooled ES is based on a fixed effect meta-analysis, as we assumed a reasonable homogeneity between study means (x 2 = 5.69, p = 0.13, I 2 = 47.2%).
Self-reported disability
Pooling the data from the trials reporting self-reported disability as an explicit outcome [57] [58] [59] produced a weighted pooled ES of 0.23 (95% CI 0.04 to 0.42; p = 0.02) favouring weight loss (presented in fig 2B) . The result is based on 417 randomised patients following a significant group mean different weight loss of 6.1 kg (95% CI 4.7 to 7.6; p,0.001). The weighted pooled ES is based on a fixed effect metaanalysis, as we assumed a reasonable homogeneity between study means (x 2 = 4.97, p = 0.17, I 2 = 39.7%).
Lequesne indices
Pooling the data from the trials reporting the (global) Lequesne index as an explicit outcome 56 59 produced a non-significant, inconsistent weighted pooled ES of 0.58 (95% CI 20.4 to 1.56; • Data on Lequesne index (k = 2) 56, 59 Trials excluded because of:
• Lack of proper control group (k = 2) 25 _ 26 • Not randomised (k = 1) 27 • Mixed clinical characteristics (k = 4) 28 _ 31 Trials excluded due to diagnostic exclusion criteria:
• Obesity and developing (risk) of OA (k = 7) 32 _ 38 Trials excluded as they:
• Did not report any OMERACT III relevant outcomes (k = 8) 39 _ 46 Trials excluded as they:
•Did not assess effect of weight loss alone (k = 3) 47 _ 49 •Part of other studies (k = 6) 50 _ 55 Figure 1 Flow of randomised controlled trials included in the systematic review. RCT, randomised controlled trial. BMI, body mass index; CBT, cognitive behavioural therapy; LED, low-energy diet; QS, Jadad quality score. *Both the weight loss group and the control group received this intervention in equal amounts. p = 0.25) potentially favouring weight loss (presented in fig 2C) ; the result is based on 117 randomised patients following a significant group mean different weight loss of 4.7 kg (95% CI 4 to 5.5; p,0.001). The weighted pooled ES is based on a random effect meta-analysis, as it was evident that there was heterogeneity between study means (x 2 = 5.54, p = 0.02, I 2 = 82.0%).
Dose-response
Changes in pain score and weight loss Changes in self-reported disability and weight loss
As presented in fig 3C , body weight change (%) in itself could predict a significant change in self-reported disability (R 2 = 75%; b = 0.067 (SE b 0.002)) as the upper 95% prediction interval crossed the line indicating clinical efficacy (ES,0 would suggest a reduction in disability compared with the control group). After solving the predicted ''efficacy-equation'' (upper prediction limit (0), we calculated that if the magnitude of weight reduction was at least 5.1%, it would predict a significant disability reduction. As presented in fig 3D, the weight change per week, used as independent variable (a surrogate for intensity), very consistently predicted disability reduction (R 2 = 92.2%; b = 0.81 (SE b 0.012)). If the intensity of weight reduction was at least 0.24% per week, it would predict a significant disability reduction.
DISCUSSION
The major finding of the present meta-analysis was the association between improvement in physical disability and weight reduction, which showed that disability reduction could be predicted from weight loss. Previous category 1A evidence support the use of weight reduction in the treatment of obese patients with OA, and operational considerations may be given on how these patients may reduce body weight. 61 This study presents evidence-based estimates from a meta-analysis to support the use of weight-loss regimens in the clinical management of OA in clinical rheumatology.
The present meta-analysis shows that there are few highquality RCTs that can be used to provide evidence, and we have found a broad spectrum of heterogeneity in the interventions. 12 Diversity across studies was substantial, and the reduction in both pain and self-reported disability was weak, although statistically significant, whereas no clinical effect could be detected using the Lequesne (global OA) disease index. Inspired by studies on heart disease and stroke, 62 63 we aimed to determine the dose-response effect applicable for clinical practice, when recommending weight reduction to patients with knee OA. The meta-regression models seemed inconsistent when the reduction in pain (ie, ES pain score; fig 3A,B) was used as dependent variable versus weight change. The predictability of effect on pain was questionable to use for clinical practice. By contrast, weight loss predicted (with great certainty R 2 >75%) the patients' reduction in self-reported disability (ie, ES disability score; fig 3C,D) . Based on our estimates, patients should achieve more than 5.1% weight loss, with a loss of at least 0.24% per week, to experience a significant reduction in disability. This would result in an ES = 0.34 and ES = 0.19, respectively.
The meta-regression analysis, which owing to the number of included randomised patients is considered ''gold evidence'', 11 points towards recommending overweight patients with knee OA to reduce their body weight with at least 7.5%, obtained with an intensity being at least 0.6% per week would result in an at least moderate clinical effect. Finally, if we apply the general dietary (public health) approaches to reduce body weight 64 to overweight patients with knee OA, using a rate of weight loss by 0.5 and 1.5 kg/week, 61 the present meta-analysis shows that a 10% weight reduction will result in a moderate-tolarge clinical effect according to self-reported disability (ES = 0.67), preferably reached within 12 weeks of treatment. Christensen (2005) Christensen (2005) Messier (2000) Messier ( Effect size (Lequesne index) A weakness of the present analysis was the few RCTs available for assessment, which emphasises the need for more and larger trials. Although only four studies were applicable in the analysis, based on the Jadad score, at least two of the studies were of top quality in this field.
In general, state-of-the-art weight loss policy among obesity specialists is that the overweight individual initiates a 10% reduction in body weight, which reduces multiple risk factors. 4 65 With these guidelines, the effect of the weight loss may be achieved within a few months, resulting in a clinical ES larger than most non-operative treatments systematically reviewed, applying meta-analyses, [66] [67] [68] [69] and at least comparable to the possible effect of walking. 70 In the present meta-analysis, it is obvious that the strategies applied in the individual RCTs combine great diversity in both magnitude and intensity of the (weight-reducing) dietary strategies. The ''weight loss (3.7%) regimen'' used in the quantitatively largest trial 58 would probably not be acknowledged as an anti-obesity approach [71] [72] [73] following 18 months of treatment.
On the basis of the changes in pain scores reported by Messier et al, 58 post hoc calculations from the data show that clinical efficacy can be documented only when weight loss is added to an exercise treatment (ES = 0.44). We argue that the reason for this finding is a consequence of more attention, as has been observed in other patient groups with chronic pain. 74 When compared with the control group, the dietary intervention failed regarding both weight reduction and pain relief despite a significant within-group 16% pain reduction following 4.9% weight loss after 18 months of treatment. 58 Interestingly, the exercise-only group-as the ''only'' of four different intervention groups-did not experience any significant pain reduction (6%) in the study by Messier et al. 58 By contrast, the healthy-lifestyle (control) group experienced a statistically significant 17% pain reduction 58 compared with the 30% pain reduction observed following ''diet plus exercise''. 58 In conclusion, professionals treating knee OA should bear a possible weight reduction in mind whenever a patient is significantly overweight. The patients ought to be encouraged to reduce their body weight, at least by 5% within a 20-week period, to experience the symptomatic relief. 20 of the standardised mean difference; the fitted random-effects regression line is shown with 95% prediction intervals-indicating the degree of variance predicted by the weight loss magnitude and intensity.
